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Total arterial revascularization in patients with multi-vessel coronary artery
disease: modern insight on conduit selection
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Coronary artery bypass grafting (CABG) remains the most common operation performed by cardiac surgeons today.
Fundamental basis of CABG is to reestablish perfusion to the myocardium, however there are different approaches
in accomplishing this goal. The collection of scientific publications suggest the use of multiple arterial conduits in
patients of young age, preferable without advanced comorbidity and low body surface area. Despite common use of
saphenous vein grafts, lots publications demonstrate advantages of arterial conduits. Internal mammary artery (IMA)
has patency rates in the region of 90—95% ten to fifteen years after CABG. Based on superior long-term results of the
internal mammary artery (IMA), other arteries is being used in CABG. Radial artery (RA) nowadays it is the most
popular arterial graft after the IMA in both low- and high-risk patients. Although, this conduit is underused, despite
numerous observational studies, which documented excellent RA patency of 89% at 10 years. Furthermore RA
and ITA grafting shows a strong protective effect against native coronary artery disease progression in symptomatic
patients after CABG. The constellation of recent data and 2018 guidelines of European Society of Cardiology and
European Association for Cardiothoracic Surgeons on myocardial revascularization suggest performing total arterial
revascularization in patients with multi-vessel coronary artery disease.

Purpose. Literature review on recent data in surgical revascularization using multiple arterial grafts in patients with
multi-vessel coronary artery disease.

Conclusions. Total arterial revascularization is safe and effective method in treatment of multi-vessel coronary
artery disease. There is undoubted benefit of total arterial revascularization in short-, mid- and long—term results in
frames of angina recurrence, major adverse cardiac events and redo surgery, associated with graft failure, compared
to saphenous vein grafts. Total arterial revascularization may have protective effect on native coronary artery from
disease progression, along with excellent patency rates in patients after CABG. However, clinical choice of grafts
should be based on patient’s general condition, coronary artery anatomy and severity of stenosis.

Key words: coronary artery bypass grafting, multi—vessel coronary disease, surgical revascularization, atherosclerosis,
ischemic heart disease, coronary artery bypass grafting, radial artery, bilateral internal mammary artery, patency rates,
total arterial revascularization

Over the past few decades, coronary artery disease
(CAD) has become the leading cause of death in developing
countries. Unpromising statistics of death rates from
cardiovascular diseases in Ukraine (tab.1) illustratesthe need
for implementing effective primary prevention approaches,
early recognition and effective treatment options. Coronary
revascularization provides symptomatic relief from CAD
and improves short and long-term outcomes. According to
SYNTAX study, coronary artery bypass (CABG) grafting
is superior to percutaneous coronary intervention (PCI) in
patients with complex left main coronary artery (LMCA)
or 3-vessel coronary artery disease (CAD). In the current
article, we will discuss treatment options in terms of conduit
selection and patency rates for total arterial revascularization
(TAR) in patients with multi-vessel CAD.

The left internal mammary artery (LIMA) and
saphenous vein grafts (SVG) remains the preferred mode
of revascularization in patients with complex multi-vessel
CAD. However, vein graft disease and early occlusion rates

compared to arterial grafts give the cue to use multiple
arterial grafts in patients with multi-vessel CAD. There is
emerging evidence that use of bilateral internal mammary
arteries (BIMA) significantly improve short and long-term
outcomes, along with increasing benefits in terms of angina
recurrence, major adverse cardiac events and redo surgery,
associated with graft failure.

The first publication for the development of an extra
coronary circulation with transplanting the internal
mammary artery (IMA) performed Vasiliy Kolesov, by
anastomosing the LIMA to the left anterior descending
artery (LAD) in 1964, followed by Spencer the same year
in the USA. Rene Favaloro made reports of BIMA use for
CABG in 1968, but with the advent of SVG, the method
of total arterial revascularization technique postponed to
1973, when Suzuki and associates published series of reports
on direct anastomosis technique of the bilateral internal
mammary arteries [1]. The first reports on successful
clinical outcomes of BIMA grafting were published by the
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Tab.1.

Heart Disease and Stroke Statistics— 2017 Update: A Report From the American Heart Association, . Death Rates for
Cardiovascular Diseases and All Causes in Selected Countries Males and Females aged 35-74. Rates are per 100 000 people.
Sources: The World Health Organization, National Center for Health Statistics, and National Heart, Lung, and Blood Institute

Cardiovascular diseases male/ Corornary artery disease Stroke Total
Country female male/female male/female male/female
Ukraine 1067.2/454.2 718.1/294.7 216.6/115.8 2069.3/833.7
Russian Federation 1087.0/431.5 610.2/212.5 268.2/13%7.8 2254.4/864.4
Belarus 1178.0/431.1 826.0/271.3 232.0/118.7 2375.9/821.2
France 121.2/42.9 46.4/10.0 22.6/12.3 718.4/330.7
USA 233.0/114.9 125.3/48.5 27.1/20.0 810.7/514.0

representatives of Cleveland Clinic, namely by B.W. Lytle
and co-authors in 1983. Despite excellent results in patency
rates, routine BIMA grafting restrain several factors: it is
technically more challenging, more time consuming and
is associated with increased risk of deep sternal wound
infection (DSWI).

IMA has patency rates in the region of 90-95% ten to
fifteen years after CABG [12]. Based on superior long-term
results of the internal mammary artery (IMA), other arteries
is being used in CABG. Such conduits include the radial ar-
tery (RA) and the gastroepiploic artery (GEA). Expectations
on long-term results, compared to IMA, are based on the
hypothesis that all arterial conduits have similar biological
features, such as contractility, relaxing characteristics,
endothelial function, and anatomic structure. Histologic
studies have revealed that there are major differences among
various grafts in terms of the structure of smooth muscle
such as elastic lamellae [2]. The differences observed in
these studies suggest that arterial grafts are not uniform
in either anatomy or function. In contrast, comparative
functional studies have demonstrated differences in arterial
grafts with regard to contractility and endothelial function.
These differences are the anatomic and physiologic bases of
the divergent clinical manifestations of the grafts and may
also account for the possible differences in postoperative
graft function and long-term patency rates.

The unique feature of the IMA is its endothelium, which
can produce significantly larger quantities of vasodilators
such as nitric oxide and prostacyclin than venous grafts,
resulting in greater endothelium-dependent relaxation
(EDR) in response to acetylcholine, ADP, and thrombin
in patients undergoing CABG [3]. The downstream flow
of these endogenously secreted vasodilators into the
coronary artery could also have a protective effect distal
to the anastomosis, thus retarding the progression of
CAD [4] by providing protection against atherosclerosis
to the entire target vessel [5]. Even when BIMAs used in
a Y-configuration, the endothelium-dependent and the
endothelium-independent vasodilator capacity of the two
limbs of the Y-graft IMA configuration appears to be similar
3 years after bypass surgery [6].

A comparative genome-wide transcriptional analysis
of the LIMA, RIMA and the aortic wall revealed that the
genes in the annotated atherosclerosis-signaling pathway
are down regulated in both IMAs relative to the aorta [7].
Furthermore, signaling pathway genes for eicosanoids,
which are signaling molecules associated with pro-
inflammatory processes, are also expressed at lower levels
in both IMA tissues. This transcriptional evidence, which
reinforces the mechanism that BIMAs have an additional
protective effect, is another argument in favor of BIMA use
in CABG surgery [1].

The radial artery (RA) was first used by Carpentier and
colleagues in 1974, but subsequently abandoned due to
high failure rates, however, nowadays it is the most popular
arterial graft after the IMA in both low- and high-risk
patients. After early disappointing experiences of using RA
graft for CABG, improved harvesting techniques, together
with potential benefits of calcium channel blockers, have
led to the RA becoming an increasingly popular conduit,
as evidenced by improved patency and survival rates in
observational cohort studies, when compared with SVG [8].
In framework of potential limb ischemic events, according
to Gaudino, twenty-five patients underwent echo Doppler
evaluation of the forearm circulation at a mean interval of
17.6%2.1 years from surgery and in the operated forearm,
there was a significant increase in the diameter of the ulnar
artery (2.4440.43 mm vs. 2.01+£0.47 mm; p<0.05). All
other flow parameters were similar between the operated
and control arms [9]. Although, this conduit is underused,
despite numerous observational studies, which documented
excellent RA patency of 89% at 10 years, and 86% at 20
years [10], which still constitute the first choice during the
graft selection process.

According to Dimitrova and colleagues, RA and LITA
grafting showed a strong protective effect against native
coronary artery disease progression and excellent cumulative
patency rates in symptomatic patients after CABG [11].
This benefit of arterial grafting may contribute to the better
survival of the patients who underwent revascularization
with more than one arterial graft. RA use resulted ina 75%
decrease in disease progression in all coronary territories.
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[1, 13]. One of the commonest arguments against
the utilization of BIMA is the higher risk of DSWI
associated with it, which is apparently caused due
to deprivation of blood supply to the sternum after
BIMA harvest. Skeletonized BIMA harvest has been
shown to reduce DSWI to as low as 1-2% from 10
to 11% observed with the pedicled technique in
diabetic patients [1]. Increasing number of arterial
grafts improves long-term survival and supports
extended use of arterial grafts in coronary artery
bypass graft surgery, irrespective of diabetes status
[14]. Skeletonization results in better perioperative
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RA conduits were associated with a 74% decreased risk
of disease progression in the diagonal arteries and a 75%
decreased risk of disease progression in the lateral territory
compared with patent SVG.

According to 2018 European Society of Cardiologists
and European Association for Cardiothoracic Surgeons
guidelines on myocardial revascularization, IMA and RA
use falls into 1B class of recommendations [17], which
translates into potential benefits of using multiple arterial
grafts in CABG.

Presence of preoperative risk factors such as increased
age, diabetes mellitus (DM) and chronic kidney disease
(CKD) have a negative impact on long-term survival, thus
making BIMAs potentially dangerous to patients with
above-mentioned anamnesis. However, diabetics would
probably benefit the most from BIMA grafting due to the
presence of diffuse disease, small distal vessels and the
possibility of avoiding future surgeries. A large propensity-
matched analysis of 1107 diabetic patients (single
IMA(SIMA):646 vs BIMA:461) who were followed-up
for 30 years found no difference in operative mortality,
sternal wound infection, or total complications between
matched SIMA and BIMA groups. Moreover, late survival
was positively impacted by BIMA grafting (median
survival: SIMA=9.8 years vs BIMA=13.1 years; p<0.001)

Radial artery
in high-grade
L oFiME stenosis 1B

outcomes and comparable cardiac outcomes in
patients undergoing BIMA with the greatest benefit
in patients with chronic obstructive pulmonary
disease [15]. Though, in the presence of concomitant
risk factors for sternal wound infection such as
DM and BSA >35 , the RA should be considered
instead of the right IMA to achieve multiple arterial
grafting [16] in patients with LMCA and spared
right coronary artery territory in frames of TAR. We
suggest that COPD and obesity are the risk factors
for sternal instability, dehiscence and infection. In
our opinion diabetes is not the major risk factor for
sternal dehiscence not only because of the use of
skeletonized harvesting technique, but also because
of routine use a reinforcement of both hemisternum
with double longitudinal metal wire as described by
Robicsek, in addition with careful management of
postoperative glycemia.
Conclusions. Total arterial revascularization is safe
and effective method of treatment multi-vessel coronary
artery disease. There is undoubted benefit of total arterial
revascularization in short-, mid- and long — term results in
frames of angina recurrence, major adverse cardiac events
and redo surgery, associated with graft failure, compared
to saphenous vein grafts. Total arterial revascularization
may have protective effect on native coronary artery from
disease progression, along with excellent patency rates in
patients after CABG. However, clinical choice of grafts
should be based on patient’s general condition, biological
characteristics of the graft, coronary artery anatomy and
severity of stenosis.
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TotanbHa apTepianbHa peBacKynsipusauia y Nawi€HTIiB 3 MyIbTUCYAUHHUM YPAXKEHHAM KOPOHAPHUX
apTepii: cy4acHui nornsag Ha Bubip WyHTa

Crykos 0. 10., Pynenko C. A., Pygerko A. B., JlTazopuwmHeup B. B.

1Y «HaujioHanbHWi iHCTUTYT cepueBO-CyaAnHHOI Xipyprii imeHi M. M. AMocoBa HAMH Ykpainu» (KuiB)

AOpPTOKOpPOHApHE IIYHTYBAaHHSI 3aJIMIIIAETHCS HAWMOIIMPEHIIIO oNepalli€lo, SIKy CbOroJ{Hi BAKOHYIOTb CEPLIEBO-CY-
IWUHHI Xipypru. ®yHIaMeHTaTbHOIO OCHOBOIO a0PTOKOPOHAPHOTO IIYHTYBAHHS € BiTHOBJIEHHS Nepdy3ii MioKapaa, oqHaK
ICHYIOTb pi3Hi Imigxomau mIs mocsrHeHHs i€l Mmetr. CydacHi HayKOBi IMyOsTiKallii peKOMEeHIYyIOTh BUKOPMCTAHHS KiJTbKOX
aprepiajJbHUX IIYHTIB y MAlli€HTIB MOJIOIOIO BiKy, 0€3 OOTSKYI04Oro aHaMHe3y, CYIIyTHhOI COMATUYHOI I1aTOJIOri] Ta 3
HEBeJIMKOIO0 Macolo Tija. He3Baxkaioun Ha IepeBaxkHe BUKOPMCTAaHHS ayTOBEHO3HHUX IIIYHTIB, 3aXiTHOEBPOIMENCHKi KO-
JIETU JEMOHCTPYIOTh MepeBaru TOTaJabHOI apTepiaJbHOI peBacKyJisipr3allii. BHyTpilllHsS rpyaHa apTepis Ma€ MOKa3HUKU
npoxigHocTi B aiarasoni 90—95% Bin aecatu 1o M ATHAALSITA POKIB MIiC/Is onepalii IyHTyBaHHs. Buxoasuu 3 10CcToBip-
HUX JOBrOCTPOKOBUX PE3YJIBTATiB MPOXiAHOCTI BHYTPIllIHBOI I'PYIHOI apTepii, Oy/10 3aroyaTKOBaHO BUKOPUCTAHHS iHIITUX
aprepiagbHUX IIYHTIB. [IpoMeHeBa apTepist Ha CHOTOMHIIIHIN AeHb € HAUMOMYJISIPHIIIMM apTepiaJbHUM IIYHTOM ITiCJIs
BHYTPIIIIHBOI I'PYIHOI apTepii y Malli€HTIiB SIK i3 HU3bKMM, TaK i 3 BUCOKMM piBHeM pu3MKy. He3Baxkaioun Ha 4MCIEHHI
TMOCIIIKEHHSI, IPOMEHEBa apTepis He BUKOPHUCTOBYETHCS B TIOBHOMY 00CsI3i omepaliiii a0pTOKOpOHAPHOTO IITyHTYBaHHS,
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He3BaXkarouM Ha BiIMiHHY ITPOXiTHICTh IPOMEHEBOI apTepii Ha piBHi 611M3bK0 89% uepe3 10 pokis micns omneparii. Kpim
TOr0, BUKOPUCTAHHS IIPOMEHEBOI apTepii Ta BHYTPIIlIHbOI IPYIHOI apTepii IeMOHCTPYE 3HAUYIIWI 3aXUCHUM e(eKT Bif
MPOrpecyBaHHS aTEPOCKIEPO3y HATUBHUX KOPOHAPHUX apTepiil y CUMNTOMATUYHUX MALliEHTIB TIC/Is onepallii a0pTOKOo-
POHAPHOTIO IIYHTYBaHHS. 30ipHUKM CyJaCHMX HAyKOBUX MyO.IiKalliii Ta rainiaiiHu €BpoIieiichKoro ToBaprucTBa Kapaio-
Jiorii Ta €BporneiichbKoi acoliallii KapaioTopakaJlbHUX XipypriB 11010 peBacKyiasipu3alii Miokapaa B 2018 poili pekoMeH-
NYIOTh TOTAJIbHY apTepiajbHy PeBacKyJ/ISIpU3allilo y TALIEHTIB i3 MYJBTUCYAMHHUM YPaXKeHHSIM KOPOHApHUX apTepiit, 3
KJ1acoM okazoBocTi [B.

Merta po0oTH — JTiTepaTypHMIi OTJISIT CydaCHUX JAHUX 10O XipyPTiuHOI peBacKyIapu3allii 3 BAKOPUCTaHHIM KiJTbKOX
apTepiaJbHUX IIYHTIB y MAIi€HTIB i3 MyJIBTUCYIMHHUM yYPaKeHHSIM KOPOHAPHMX apTepiii.

Bucnoskn. ToranbpHa apTepiajibHa peBacKyJIsIpu3allisl € 0e3neYHUM i e(peKTUBHUM METOAOM JIiKyBaHHS IIPU MYJIBTH-
CYIMHHOMY YpaxkeHHi KOpOHapHMX apTepiil. be3zamepeuHa nepeBara ToTajlbHOI apTepiajbHOI peBacKyIsipM3allii B paH-
HBOMY, CEpEIHbOMY i TOBFOCTPOKOBOMY MiC/sIONEpallifHOMY Mepiofi 3HUXY€E YaCTOTy BUHUKHEHHSI PELUIUBIB CTEHO-
Kapii, cepilo3HUX HebaxkaHUX CeplEBUX MOl Ta pU3MKU peornepalliii, MoB’si3aHUX i3 TUCHYHKIIIEIO IIYHTIB, TTOPiBHSIH
3 ayTOBEHO3HMMU TpaHCIJIaHTaTaMM. ToTajibHa apTepiajibHa peBacKyasipu3allis Moxe 3a0e3rneuyBaTh 3aXUCHUM BIUTUB
Ha HAaTMBHI KOPOHAPHI apTepil Bill IIporpecyBaHHS aTepOCKICPOTUIHOTO YPAXKEHHS, TOPS i3 BITMiHHUMY ITOKa3HUKAMU
MPOXiMHOCTI y Malli€HTIB ITiCJISI Omnepallil aOpTOKOPOHAPHOTO IIYHTyBaHHS. BTiM, BOip KOHAYITY Ma€ TpyHTYBaTUCS Ha
3arajJilbHOMY CTaHi Ialli€eHTa, JaHUX aHaMHe3Y, aHaTOMil KOpOHapHMX apTepiil Ta CTyIeHsI CTeHO3y KOPOHApHUX apTepiil.

Karouogi caosa: aopmokoponapre wiyHmy8anHs, MyabmucyourHe ypa)ceHts KOpoHapHux apmepill, iemiuna xeopoba cep-
Ys, XipypeiuHa pesackynapusauis, amepockaepos, npomMeresa apmepis, OimamapHe WyHmy8anHs, MOMAAbHA apmepianbHa pe-
8ACKYNAPU3AYIA.



